T he intimate nature of the cellular interactions that occur in the gut epithelium where the mucosal immune system interfaces with the external environment is the subject of this fascinating paper by Rescigno et al. Dendritic cells (DCs ) are arguably the most important cell type in the immune system. Although bewilderingly heterogeneous in phenotype and function, they are the only antigen presenting cell type capable of presenting peptides to virgin T cells, thereby initiating cell mediated immunity to newly encountered antigens. Given the delicate balance which exists in the gut between T cell tolerance and responsiveness to luminal antigens (a breakdown of which is likely to be responsible for food sensitive enteropathies and inflammatory bowel disease), DCs are probably key factors in controlling T cell responses in the gut wall. DCs are present in all organised lymphoid tissues and an earlier report in rats suggested that they might also be present in the gut epithelium.
1 This paper presents evidence for a new and exciting mechanism of antigen sampling as it demonstrates for the first time that DCs can penetrate the epithelium to directly take up bacteria from the gut lumen without compromising the barrier function of the gut. This mechanism is facilitated because DCs appear to be endowed with the ability to make homotypic intercellular adhesive links directly with gut epithelial cells.
The gut mucosa is lined by a layer of epithelial cells that form a barrier between the host and the external environment. Epithelial cells are specialised to perform this role because they are polarised and possess distinct adhesion mechanisms for this purpose (see fig  1) . 2 Tight junctions at the apicolateral surface maintain a permeability seal and act as a fence for proteins in the membrane, and together with adherens junctions they are linked to the actin cytoskeleton. [3] [4] [5] Desmosomes act as rivets between cells connecting the keratin filament system thus providing tissue cohesion and strength. 6 7 Rescigno et al show that DCs express the tight junction proteins occludin, claudin 1, and ZO-1 and provide evidence for tight junctionlike structures between DCs and gut epithelial cells, thus maintaining the permeability barrier. Transepithelial resistance, a measure of the "tightness" of the epithelial barrier, is not altered during DC-epithelial cell interaction and uptake of bacteria. The mechanism used by DCs to interact with yet maintain tight junctions is not understood but may involve interactions with the tight junction transmembrane protein occludin. However, among the interesting discoveries in this paper is the observation that DCs are also shown to express a range of other cell adhesion related molecules, including E-cadherin and β-catenin, proteins found in the adherens junction. The significance of this is unclear.
It is tempting to speculate that DCs are capable of making other types of adhesive links with mucosal epithelial cells in addition to tight junctions. In fact, the adhesive structures thought to be tight junctions and shown in the electron micrographs in fig 2 of their paper actually resemble junctions of the zonula adherens or desmosome type (compare with fig 1 in this article) . One of the defining characteristics of tight junctions, as seen in electron micrographs (fig 1) , is occlusion of the junctional intercellular space. Penetration of the gut mucosa by pathogens expressing invasion genes is believed to occur mainly through specialized epithelial cells, called M cells, that are located in Peyer's patches. However, Salmonella typhimurium that are deficient in invasion genes encoded by Salmonella pathogenicity island 1 (SPI1) are still able to reach the spleen after oral administration. This suggests the existence of an alternative route for bacterial invasion, one that is independent of M cells. We report here a new mechanism for bacterial uptake in the mucosa tissues that is mediated by dendritic cells (DCs) . DCs open the tight junctions between epithelial cells, send dendrites outside the epithelium and directly sample bacteria. In addition, because DCs express tight-junction proteins such as occludin, claudin 1 and zonula occludens 1, the integrity of the epithelial barrier is preserved. localised at the most apicolateral parts of the cells, someway from the basal parts of the cells. Extrajunctional E-cadherin and desmosomal cadherins are also known to be expressed in the lateral membranes of epithelial cells [5] [6] [7] [8] and thus may provide molecular handholds for initial points of interaction between the two cell types. In addition, formation and stabilisation of the tight junction is intimately related to the assembly of adherens junctions. [9] [10] [11] DCs have been localised in vivo within the epithelium of normal rat intestine 1 so they may be routinely anchored there below the tight junctions by other epithelial type cell-cell contacts awaiting a signal to interact with tight junctions, perhaps facilitated by upregulation and redistribution of occludin and claudin. In this context, it may be significant that in these experiments DCs could not interact from the apical side of the epithelium where they would not have access to other epithelial junctional proteins in cells with mature contacts.
Neutrophils can also migrate across epithelia, and occludin influences this process. 12 When neutrophils interact with epithelium or endothelium they are capable of traversing from the apical side paracellularly as well as from the basolateral side, 13 14 suggesting that they may interact with or influence tight junctions via different mechanisms.
Another notable aspect of this study is the observation that transepithelial resistance (TER) and the structure of tight junctions are not altered during interactions between DCs and epithelial cells.
This absence of tight junction alteration and TER change has also been confirmed in studies of neutrophil migration. 14 Interestingly, neutrophils have been shown to preferentially migrate across endothelial monolayers at tricellular points of cell contact where tight junction discontinuities are normally observed and this has been proposed as a reason why tight junctions need not be disrupted in this system.
14 It is unknown whether this phenomenon exists in intestinal epithelia.
This paper therefore provides evidence for a novel and elegant method of bacterial sampling that may represent a very important component of mucosal surveillance, not least because the contribution of the non-Peyer's patch gut epithelium greatly increases the surface available for detection and response to microorganisms. It will be of interest to know whether similar mechanisms exist in other mucosal sites such as the lung where DCs of similar type have been described and, in addition, whether DCs can be used as a mode of entry and spread by pathogenic microorganisms.
